ABSTRACT: A 9-year-old girl accidentally injected her right thumb with an adult dose of epinephrine through an auto-injector syringe, delivering 0.3 mg of 1:1000 epinephrine. This injection caused immediate ischemic changes in the digit. This is the first reported case of accidental self injection by a child of an adult dose of epinephrine and its successful treatment with low-dose phentolamine simultaneously infiltrated directly into the puncture area and along the course of the digital artery. The use of phentolamine as a specific competitive alpha-adrenergic antagonist to epinephrine has been well documented in adults and animal models. This report compares the management of a pediatric case to that of all reported adult cases of accidental subcutaneous epinephrine injections. This case suggests a pattern of infiltration with low-dose phentolamine that may be the most effective form of treatment for this condition in a patient of any age.
Introduction
The use of epinephrine auto-injectors for prehospital treatment of severe allergic reactions in children and adults has become increasingly more common.
1,2 Several authors [1] [2] [3] [4] [5] have reported the use of phentolamine to reverse the effects of subcutaneous extravasation of sympathomimetic agents or accidental epinephrine auto-injection in adults and animal models. In these cases, phentolamine was infiltrated locally at the site of puncture or along the course of the digital artery, but never both sites simultaneously. The phentolamine doses used ranged from 1.0 to 10.0 mg, with response times of 20 to 60 minutes. 2, [4] [5] [6] We present the first report of accidental injection of epinephrine into a digit by a child. We discuss the successful treatment of this case with half the minimum dose of phentolamine previously reported, which was administered simultaneously at the puncture site and along the course of the digital arteries.
Case report
A 9-year-old girl accidentally punctured her right thumb with an adult auto-injector epinephrine syringe. She had been inspecting the EpiPen ® syringe (Allerex Laboratory Ltd., Kanata, Ont.) when it accidentally discharged, injecting a dose of 0.3 mg of 1:1000 epinephrine into the volar pad of her right thumb. The epinephrine auto-injector had been prescribed for an adult family member the previous summer because of a severe allergic reaction to a wasp sting, and had not been used since that incident. The patient arrived at the emergency department within 10 minutes of the injection. Her main complaints were pain, tingling, blanching and coldness of the digit. Her medical history was unremarkable for any known drug allergies or asthma. On examination, her heart rate was 88 beats/min and regular. Examination of the right thumb revealed a puncture wound centrally on the volar pad. The nail bed was noticeably blanched. The patient still retained pin-prick sensation with full active and passive range of motion. The attending physician confirmed the complete automatic injection of the contents of the syringe.
Initially 2.5 cm of nitroglycerin paste was applied over the thumb, but after 45 minutes there was no clinical improvement; therefore, a mixture of 0.5 mg of phentolamine, 1.0 mL of normal saline and 1.0 mL of 2% lidocaine was prepared. Half of this mixture was infiltrated subcutaneously at the puncture site, and the rest was infiltrated along the course of the digital arteries (Fig. 1) .
Within 5 minutes, sensation, colour, temperature and capillary refill returned to normal, and the pain dissipated. Vital signs remained stable throughout. This 9-year-old patient tolerated the series of infiltrations surprisingly well. Upon questioning, she said that the discomfort was minimal. She was symptom-free with no adverse long-term sequelae at 6 weeks after the injury.
Discussion
Epinephrine, a catecholamine, acts as a sympathomimetic agent and produces both α-adrenergic and β-adrenergic responses. 7, 8 Increasingly, epinephrine is being used to treat anaphylaxis from insect bites and stings, as well as anaphylaxis of undetermined origin.
1 Spring-loaded epinephrine administration devices provide an effective and rapid method of administration for allergic patients. These devices are specially designed to be used by individuals without medical training, who may not be able to inject themselves or others by conventional methods. 6 Accidental epinephrine injections have an estimated incidence of 1 per 50 000 units. 1 The accidental exposure in this report is similar to many adult cases reported in the literature. The injector fully discharged into the pulp of the child's thumb, and within minutes ischemic effects were observed. As in other reported human and animal cases, 9 topical nitroglycerin paste failed to reverse these effects.
A review of the literature supports the safety and efficacy of phentolamine to reverse the effects of subcutaneous catecholamine extravasation. 10, 11 Case reports of adults and animal models show that phentolamine reverses ischemic effects and prevents skin necrosis after subcutaneous injection of epinephrine and other sympathomimetic agents. 9, 12 This case is unique in many ways. The dose of phentolamine used was 0.5 mg, half the minimum dose previously reported (Table 1) . Despite this, recovery time was shorter than in previously published cases, and after our first set of infiltrations there was no need to reinject the digit. Several authors [1] [2] [3] [4] [5] [6] 13, 14 have reported infiltrating epinephrine puncture sites locally or performing phentolamine digital blocks. In some of these cases, 1,13,14 a poor response necessitated additional infiltrations along the digital artery or around the puncture site.
The pattern of phentolamine infiltration shown in Fig. 1 has not been reported previously. In this case it led to rapid and complete resolution of symptoms after a single set of infiltrations, sparing our patient a subsequent set. This is advantageous in children, since it may be challenging to convince younger children of the need for additional injections. Further, it is possible that this method of administration may reduce the amount of drug required to reverse ischemic effects, thereby providing a greater margin of safety and reducing the risk of pressure necrosis or compartment syndrome that may occur when a large volume of drug is infiltrated into the pulp space of a digit. In this case, as in all other reported cases, there were no adverse effects associated with phentolamine infiltration.
Conclusions
This case of accidental epinephrine injection into a thumb by a child, was successfully treated by infiltrating 0.5 mg of phentolamine directly into the puncture area and along the course of the digital artery simultaneously. This pattern of infiltration has not been reported previously and may be responsible for the rapid recovery and the low dose of phentolamine required to reverse digital ischemia. We believe it may be the most effective method of treatment for subcutaneous digital catecholamine exposures in patients of any age.
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